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(54) INDIRECTLY HEATED ELECTRODE FOR GAS DISCHARGE TUBE 



(57) An indirectly heated cathode for gas discharge 
tube C1 comprises a heater 1 , a double coil 2, a plate 
member 3 r and a metal oxide 1 0. An electrical insulating 
layer 4 is formed on the surface of heater 1 . Heater 1 is 
disposed at the inner side of double coil 2 . Plate mem- 
ber 3 is disposed along the length direction of double 



coil 2 at the inner side of double coil 2, which is to be 
the discharge surface side, and is electrically connected 
to double coil 2. Also, plate member 3 is grounded by 
being connected to the ground terminal of heater 1 . Met- 
al oxide 10 is held by double coil 2 and disposed to be 
in contact with plate member3. Metal oxide 10 is in con- 
tact with double coil 2. 
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Description 
Technical Field 

[0001] The present invention concerns an indirectly 5 
heated electrode for gas discharge tube. 

Background Art 

[0002] A known example of the abovementioned indi- 
rectly heated electrode for gas discharge tube is that 
which is disclosed in Japanese Examined Patent Pub- 
lication No. 62-56628 (United States Patent No. 
4441 048) . The indirectly heated electrode for gas dis- 
charge tube (indirectly heated cathode for gas dis- 
charge tube) that is disclosed in Japanese Examined 
Patent Publication No. 62-56628 has an arrangement 
wherein a double coil is wound a plurality of turns around 
and fixed closely to the outer wall of a cylinder of good 
thermal conductivity, a uniform cathode surface is 
formed by applying a paste-form cathode material in the 
space inside the primary coil and between the second- 
ary coil of the double coil, and providing a heater inside 
the cylinder. 

Disclosure of the Invention 

[0003] An object of the present invention is to provide 
an indirectly heated electrode for gas discharge tube 
that can realize long electrode service life and stable 
discharge. 

[0004] As a result of research, the present inventors 
made the following new findings. In a case where the 
potential distribution of the electrode (cathode) surface 
is non-uniform, since the heat generation amount is non- 
uniform accordingly, the density of thermion generation 
is also non-uniform and localized discharge (skewing of 
the discharge position) occurs. Localized discharge 
causes the cathode material (metal oxide that is the ma- 
terial likely to emit electrons) to undergo removal (sput- 
tering) and stabilization (mineralization) by oxidation 
with the reducedmetal, that is, causes degradation of 
the thermionic emission ability and movement of the dis- 
charge position to another position with better thermion- 
ic emission characteristics. By thus repeating localized 
degradation of thermionic emission, the electrode sur- 
face becomes degraded. The abovementioned move- 
ment of the discharge position also causes the dis- 
charge itself to become unstable. 
[0005] Based on the above research results, the 
present invention provides an indirectly heated elec- 
trode for gas discharge tube comprising: a coil member, 
wound in coil form; a heater, disposed at the inner side 
of the coil member and having an electrical insulating 
layerformed on a surface thereof; a metal oxide, serving 
as a material likely to emit electrons and held by the coil 
member; and an electrical conductor, having a prede- 
termined length and disposed at the inner side of the 



coil member and so as to be in contact with the coil mem- 
ber. 

[0006] In the indirectly heated electrode for gas dis- 
charge tube of the present invention, since an equipo- 
tential surface is effectively formed at the rear surface 
(surface at the opposite side of the discharge surface) 
of the coil member by the electrical conductor and ther- 
mionic emission thus occurs over a wide region of the 
equipotential surface that is formed, the discharge area 
is increased, the electron emission amount per unit area 
(electron emission density) is increased, and the load 
placed on the discharge position is lightened. The oc- 
currence of localized discharge can thus be restrained 
and long service life of the electrode can be realized. 
Since the movement of the discharge position is also 
restrained, stable discharge can be obtained over a long 
period of time . Also due to the increase of the discharge 
area, even if the current density is slightly increased and 
the load is somewhat increased, that is, even if the dis- 
charge current is increased, the damage can be made 
less than that of the prior art, thus enabling the provision 
of an indirectly heated electrode for gas discharge tube 
of large discharge current with substantially the same 
shape as that of the prior art and enabling realization of 
pulse operation and large current operation. 
[0007] Also, the electrical conductor is preferably put 
in contact with the metal oxide and in contact with a plu- 
rality of coil parts of the coil member. In this case, the 
potential of the discharge surface that is made up of a 
plurality of discharge points or discharge lines by the 
electrical conductor is made substantially uniform. The 
sputtering of the metal oxide and stabilization (mineral- 
ization) due to oxidation with the reduced metal, which 
are degradation factors, can thus be restrained, that is, 
the degradation of the thermionic emission ability can 
be restrained and the movement of the discharge posi- 
tion can be restrained as well. As a result, long service 
life and stable discharge of an electrode can be realized 
by a simple arrangement in which an electrical conduc- 
tor is disposed so as to be in contact with a metal oxide. 
[0008] Also, the electrical conductor is preferably a 
high-melting-point metal that has been formed to a 
mesh, a wire, or a plate. By the electrical conductor be- 
ing such a high-melting-point metal that has been 
formed to a mesh, a wire, or a plate, an electrical con- 
ductor of an arrangement that can restrain the degrada- 
tion of the thermionic emission ability and movement of 
the discharge position can be realized at low cost and 
in simpler manner. Also, since the electrical conductor 
will be a rigid body, it can be processed readily and can 
be put in close contact with the metal oxide. With the 
present Application, "plate" shall refer inclusively to 
such shapes as a ribbon shape, foil shape, etc. 
[0009] Also, the coil member is preferably a multiple 
coil, arranged by winding a coil having a mandrel in coil 
form. With such an arrangement, when a multiple coil is 
used, the metal oxide that is the material likely to emit 
electrons is held in a manner where it is sandwiched be- 
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tween the pitches (spacings), which are the gaps be- 
tween the wire material that forms the coil. Since the 
distance between pitches is small and gap-like, the fall- 
ing off the metal oxide due to vibration can be restrained. 
Also, since a plurality of pitches of gap-like structure ex- 5 
ist, a large amount of metal oxide can be held, providing 
the effect of replenishing the metal oxide loss that ac- 
companies the degradation with time during discharge. 
Furthermore, since a mandrel is provided, deformation 
of the multiple coil during processing can be restrained. 
[0010] Also, the metal oxide is preferably an oxide of 
a single metal among barium (Ba), strontium (Sr), and 
calcium (Ca) or a mixture of oxides of these metals or 
contains an oxide of a rare earth metal. By the metal 
oxide being an oxide of a single metal among barium, 
strontium, and calcium or a mixture of oxides of these 
metals or containing an oxide of a rare earth metal, the 
work function of the electron emitting part can be made 
small effectively and the emission of thermions can thus 
be facilitated. 

[0011] The present invention provides an indirectly 
heated electrode for gas discharge tube comprising: a 
coil member, wound in coil form; a heater, disposed at 
the inner side of the coil member and having an electri- 
cal insulating layer formed on a surface thereof; a high- 
melting-point metal, formed to a mesh, a wire, or a plate 
and disposed along the length direction of the coil mem- 
ber at the inner side of the coil member; and a metal 
oxide, serving as a material likely to emit electrons and 
held by the coil member so as to be in contact with the 
high-melting-point metal; and wherein the high-melting- 
point metal forms a plurality of contacts with the coil 
member and the coil member is grounded. 
[0012] In the indirectly heated electrode for gas dis- 
charge tube of the present invention, since an equipo- 
tential surface Is effectively formed at the rear surface 
(surface at the opposite side of the discharge surface) 
of the coil member by the high-melting-point metal that 
has been formed to a mesh, a wire, or a plate and ther- 
mionic emission thus occurs over a wide region of the 
equipotential surface that is formed, the discharge area 
is increased, the electron emission amount per unit area 
(electron emission density) is increased, and the load 
placed on the discharge position is lightened. The sput- 
tering of the metal oxide and stabilization (mineraliza- 
tion) due to oxidation with the reduced metal, which are 
degradation factors, can thus be restrained, that is, the 
degradation of the thermionic emission ability can be re- 
strained and long service life of the electrode can be 
realized. Since the movement of the discharge position 
is also restrained, stable discharge over a long period 
of time can be realized. Also, since the high-melting- 
point metal is a rigid body, it is easy to process and can 
be put in close contact with the metal oxide. Also, due 
to the increase of the discharge area, even if the current 
density is slightly increased and the load is somewhat 
increased, that is, even if the discharge current is in- 
creased, the damage can be made less than that of the 



prior art, thus enabling the provision of an indirectly 
heated electrode for gas discharge tube of large dis- 
charge current with substantially the same shape as that 
of the prior art and enabling realization of pulse opera- 
tion and large current operation. 
[0013] The present invention provides an indirectly 
heated electrode for gas discharge tube comprising: a 
coil member, wound in coil form; a heater, disposed at 
the inner side of the coil member and having an electri- 
cal insulating layer formed on a surface thereof; a high- 
melting-point metal, formed to a mesh, a wire, or a plate 
and disposed along the length direction of the coil mem- 
ber at the inner side of the coil member; and a metal 
oxide, serving as a material likely to emit electrons and 
held by the coil member so as to be in contact with the 
high-melting-point metal; and wherein the high-melting- 
point metal forms a plurality of contacts with the coil 
member and the high-melting-point metal is grounded. 
[0014] In the indirectly heated electrode for gas dis- 
charge tube of the present invention, since an equipo- 
tential surface is effectively formed at the rear surface 
(surface at the opposite side of the discharge surface) 
of the coil member by the high-melting-point metal that 
has been formed to a mesh, a wire, or a plate and ther- 
mionic emission thus occurs over a wide region of the 
equipotential surface that is formed, the discharge area 
is increased, the electron emission amount per unit area 
(electron emission density) is increased, and the load 
placed on the discharge position is lightened. The sput- 
tering of the metal oxide and stabilization (mineraliza- 
tion) due to oxidation with the reduced metal, which are 
degradation factors, can thus be restrained, that is, the 
degradation of the thermionic emission ability can be re- 
strained and long service life of the electrode can be 
realized. Since the movement of the discharge position 
is also restrained, stable discharge over a long period 
of time can be realized. Also, since the high-melting- 
point metal is a rigid body, it is easy to process and can 
be put in close contact with the metal oxide. Also, due 
to the increase of the discharge area, even if the current 
density is slightly increased and the load is somewhat 
increased, that is, even if the discharge current is in- 
creased, the damage can be made less than that of the 
prior art, thus enabling the provision of an indirectly 
heated electrode for gas discharge tube of large dis- 
charge current with substantially the same shape as that 
of the prior art and enabling realization of pulse opera- 
tion and large current operation. 
[0015] The present invention provides an indirectly 
heated electrode for gas discharge tube comprising: a 
coil member, having a mandrel and wound in coil form; 
a heater, disposed at the inner side of the coil member 
and having an electrical insulating layerformed on a sur- 
face thereof; a high-melting-point metal, formed to a 
mesh, a wire, or a plate and disposed along the length 
direction of the coil member between the coil member 
and the heater; and a metal oxide, serving as a material 
likely to emit electrons and disposed so as to be in con- 
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tact with the coil member; and wherein the high-melting- 
point metal forms a plurality of electrical contacts with 
the coil member and the coil member is grounded. 
[0016] In the indirectly heated electrode for gas dis- 
charge tube of the present invention, since the coil mem- 
ber is grounded, thermions, secondary electrons, etc. 
are supplied via this coil member. Also, at the rear sur- 
face (surface at the opposite side of the discharge sur- 
face) of the coil member, since an equi potential surface 
is effectively formed on the cathode surface by the high- 
melting-point metal and the inner side part of the coil 
member and thermionic emission thus occurs over a 
wide region of the equipotential surface that is formed, 
the discharge area is increased, the electron emission 
amount per unit area (electron emission density) is in- 
creased, and the load placed on the discharge position 
is lightened. The sputtering of the metal oxide and sta- 
bilization (mineralization) due to oxidation with the re- 
duced metal, which are degradation factors, can thus 
be restrained, that is, the degradation of the thermionic 
emission ability can be restrained and long service life 
of the electrode can be realized. Since the movement 
of the dischargeposition is also restrained, stable dis- 
charge over a long period of time can be realized. Since 
a mandrel is provided, deformation of the coil member 
during processing can be restrained. Also, due to the 
increase of the discharge area, even if the current den- 
sity is slightly increased and the load is somewhat in- 
creased, that is, even if the discharge current is in- 
creased, the damage can be made less than that of the 
prior art, thus enabling the provision of an indirectly 
heated electrode for gas discharge tube of large dis- 
charge current with substantially the same shape as that 
of the prior art and enabling realization of pulse opera- 
tion and large current operation. 
[0017] The present invention provides an indirectly 
heated electrode for gas discharge tube comprising: a 
coil member, having a mandrel and wound in coil form; 
a heater, disposed at the inner side of the coil member 
and having an electrical insulating layer formed on a sur- 
face thereof; a high-melting-point metal, formed to a 
mesh, a wire or a plate and disposed along the length 
direction of the coil member at the outer side of the coil 
member between the coil member and the heater; and 
a metal oxide, serving as a material likely to emit elec- 
trons and disposed so as to be in contact with the coil 
member; and wherein the high-melting-point metal is in 
electrical contact with the coil member at a plurality of 
locations and the high-melting-point metal is set to a 
ground potential. 

[0018] In the indirectly heated electrode for gas dis- 
charge tube of the present invention, since the high- 
melting-point metal is grounded, thermions, secondary 
electrons, etc. are supplied via this high-melting-point 
metal and the coil member. Also, since an equipotential 
surface is effectively formed at the cathode surface by 
the high-melting-point metal and the inner side part of 
the coil member and thermionic emission thus occurs 



over a wide region of the equipotential surface that is 
formed, the discharge area is increased, the electron 
emission amount per unit area (electron emission den- 
sity) is increased, and the load placed on the discharge 

5 position is lightened. The sputtering of the metal oxide 
and stabilization (mineralization) due to oxidation with 
the reduced metal, which are degradation factors, can 
thus be restrained, that is, the degradation of the ther- 
mionic emission ability can be restrained and long serv- 

10 jce life of the electrode can be realized. Since the move- 
ment of the discharge position is also restrained, stable 
discharge over a long period of time can be realized. 
Since a mandrel is provided, deformation of the coil 
member during processing can be restrained. Also, due 

15 to the increase of the discharge area, even if the current 
density is slightly increased and the load is somewhat 
increased, that is, even if the discharge current is in- 
creased, the damage can be made less than that of the 
prior art, thus enabling the provision of an indirectly 

20 heated electrode for gas discharge tube of large dis- 
charge current with substantially the same shape as that 
of the prior art and enabling realization of pulse opera- 
tion and large current operation. 
[0019] It is favorable for the coil member to be a mul- 

25 tiple coil arranged by winding a coil in coil form. With 
such an arrangement, the metal oxide that is the mate- 
rial likely to emit electrons is held in a manner where it 
is sandwiched between the pitches (spacings), which 
are the gaps between the wire material that forms the 

30 coil. Since the distance between pitches is small and 
gap-like, the falling off the metal oxide due to vibration 
can be restrained. Also, since a plurality of pitches of 
gap-like structure exist, a large amount of metal oxide 
can be held, providing the effect of replenishing the met- 

35 al oxide loss that accompanies the degradation with 
time during discharge. 

[0020] The present invention provides an indirectly 
heated electrode for gas discharge tube comprising: a 
coil member, wound in single coil form; a heater, dis- 

40 posed at the inner side of the coil member and having 
an electrical insulating layer formed on a surface there- 
of; a high-melting-pointmetal, formed to a mesh, a wire, 
or a plate, and disposed along the length direction of the 
coil member between the coil member and the heater; 

45 and a metal oxide, serving as a material likely to emit 
electrons and disposed so as to be in contact with the 
coil member; and wherein the high-melting-point metal 
forms a plurality of electrical contacts with the coil mem- 
ber and the coil member is grounded. 

so [0021] In the indirectly heated electrode for gas dis- 
charge tube of the present i nvention, since the coil mem- 
ber is grounded, thermions, secondary electrons, etc. 
are supplied via this coil member. Also, at the rear sur- 
face (surface at the opposite side of the discharge sur- 

55 face) of the coil member, since an equipotential surface 
is effectively formed on the cathode surface by the high- 
melting-point metal and the inner side part of the coil 
member and thermionic emission thus occurs over a 
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wide region of the equipotential surface that is formed, 
the discharge area is increased, the electron emission 
amount per unit area (electron emission density) is in- 
creased, and the load placed on the discharge position 
is lightened. The sputtering of the metal oxide and sta- 5 
bilization (mineralization) due to oxidation with the re- 
duced metal, which are degradation factors, can thus 
be restrained, that is, the degradation of the thermionic 
emission ability can be restrained and long service life 
of the electrode can be realized. Since the movement 
of the discharge position is also restrained, stable dis- 
charge over a long period of time can be realized. Also, 
due to the increase of the discharge area, even if the 
current density is slightly increased and the load is 
somewhat increased, that is, even if the discharge cur- 
rent is increased, the damage can be made less than 
that of the prior art, thus enabling the provision of an 
indirectly heated electrode for gas discharge tube of 
large discharge current with substantially the same 
shape as that of the prior art and enabling realization of 
pulse operation and large current operation. 
[0022] The present invention provides an indirectly 
heated electrode for gas discharge tube comprising: a 
coil member, wound in single coil form; a heater, dis- 
posed at the inner side of the coil member and having 
an electrical insulating layer formed on a surface there- 
of; a high-melting-point metal, formed to a mesh, a wire, 
or a plate, and disposed along the length direction of the 
coil member between the coil member and the heater; 
andametal oxide, serving as a material likely to emit 
electrons and disposed so as to be in contact with the 
coil member; and wherein the high-melting-point metal 
forms a plurality of electrical contacts with the coil mem- 
ber and the coil member is grounded. 
[0023] In the indirectly heated electrode for gas dis- 
charge tube of the present invention, since the high- 
melting-point metal is grounded, thermions, secondary 
electrons, etc. are supplied via this high-melting-point 
metal and the coil member. Also, since an equipotential 
surface is effectively formed at the cathode surfaceby 
the high-melting-point metal and the inner side part of 
the coil member and thermionic emission thus occurs 
over a wide region of the equipotential surface that is 
formed, the discharge area is increased, the electron 
emission amount per unit area (electron emission den- 
sity) is increased, and the load placed on the discharge 
position is lightened. The sputtering of the metal oxide 
and stabilization (mineralization) due to oxidation with 
the reduced metal, which are degradation factors, can 
thus be restrained, that is, the degradation of the ther- 
mionic emission ability can be restrained and long serv- 
ice life of the electrode can be realized. Since the move- 
ment of the discharge position is also restrained, stable 
discharge over a long period of time can be realized. 
Also, due to the increase of the discharge area, even if 
the current density is slightly increased and the load is 
somewhat increased, that is, even if the discharge cur- 
rent is increased, the damage can be made less than 



that of the prior art, thus enabling the provision of an 
indirectly heated electrode for gas discharge tube of 
large discharge current with substantially the same 
shape as that of the prior art and enabling realization of 
pulse operation and large current operation. 

Brief Description of the Drawings 



[0024] 

10 

Fig. 1 is a schematic front view, showing an indirect- 
ly heated cathode for gas discharge tube of a first 
embodiment. 

Fig. 2 is a schematic side view, showing an indirect- 
15 ly heated cathode for gas discharge tube of the first 
embodiment. 

Fig. 3A is a schematic top view, showing an indi- 
rectly heated cathode for gas discharge tube of the 
first embodiment. 
20 Fig. 3B is a schematic top view, showing an indi- 
rectly heated cathode for gas discharge tube of the 
first embodiment. 

Fig. 4 is a schematic sectional view, showing an in- 
directly heated cathode for gas discharge tube of 
25 the first embodiment. 

Fig. 5 is a schematic sectional view, showing an in- 
directly heated cathode for gas discharge tube of 
the second embodiment. 

Fig. 6 is a schematic sectional view, showing an in- 
30 directly heated cathode for gas discharge tube of 
the third embodiment. 

Fig. 7 is a schematic sectional view, showing an in- 
directly heated cathode for gas discharge tube of 
the forth embodiment. 
35 Fig. 8 is an overall perspective view, showing a first 
embodiment's gas discharge tube using an indirect- 
ly heated cathode for gas discharge tube. 
Fig. 9 is an exploded perspective view of the light 
emitting part of the first embodiment's gas dis- 
40 charge tube using an indirectly heated cathode for 
gas discharge tube. 

Fig. 1 0 is a transverse sectional view of the light 
emitting part of the first embodiment' s gas dis- 
charge tube using an indirectly heated cathode for 
45 gas discharge tube. 

Fig. 1 1 is an arrangement diagram, showing a lamp 
with one outer electrode that uses an indirectly 
heated cathode for gas discharge tube of the first 
embodiment. 

so Fig. 12 is a circuit diagram, showing a first embod- 
iment's lighting circuit for gas discharge tube using 
an indirectly heated cathode for gas discharge tube. 
Fig. 13 is a circuit diagram, showing a first embod- 
iments lighting device for gas discharge tube using 
55 an indirectly heated cathode for gas discharge tube. 
Fig. 14A is a timing chart, showing the operation 
voltage characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
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directly heated cathode for gas discharge tube. 
Fig. 14B Is a timing chart, showing the operation 
voltage characteristics of the first embodiments 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 14C is a timing chart, showing the operation 
voltage characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 14D is a timing chart, showing the operation 
voltage characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 14E is a timing chart, showing the operation 
voltage characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 14F is a timing chart, showing the operation 
voltage characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 15A is a timing chart, showing the operation 
current characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 15B is a timing chart, showing the operation 
current characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 15C is a timing chart, showing the operation 
current characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 15D is a timing chart, showing the operation 
current characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 
Fig. 15E is a timing chart, showing the operation 
current characteristics of the first embodiment's 
lighting device for gas discharge tube using an in- 
directly heated cathode for gas discharge tube. 

Best Mode for Carrying Out the Invention 

[0025] Preferred embodiments of this invention's in- 
directly heated electrode for gas discharge tube shall 
now be described in detail with reference to the draw- 
ings. In the following description, the same symbol shall 
be used for the same elements or elements with the 
same functions and redundant description shall be omit- 
ted. 

(First Embodiment) 

[0026] Fig. 1 is a schematic front view of an Indirectly 
heated cathode for gas discharge tube of a first embod- 
iment, Fig. 2 is likewise a schematic side view of an in- 
directly heated cathode for gas discharge tube of the 



first embodiment, Fig. 3 is likewise a schematic top view 
of indirectly heated cathodes for gas discharge tube of 
the first embodiment, and Fig. 4 is likewise a schematic 
sectional view of an indirectly heated cathode for gas 

5 discharge tube of the first embodiment. With Figs. 1 , 2, 
and 3, illustrations of an electrical insulating layer 4 and 
a metal oxide 1 0 are omitted for the sake of description. 
This embodiment is an example of application of an in- 
directly heated electrode for gas discharge tube to a 

10 cathode (indirectly heated cathode for gas discharge 
tube). 

[0027] As shown in Figs. 1 through 4, an indirectly 
heated cathode for gas discharge tube C1 has a heater 
1 , a double coil 2 as a coil member, a plate member 3 

15 as an electrical conductor, and metal oxide 10 as a ma- 
terial likely to emit electrons (cathode material) . Heater 
1 comprises a filament coil, with which a tungsten ele- 
ment wire of 0.03 to 0.1 mm diameter, that is for example, 
a tungsten element wire of 0.07mm diameter is wound 

20 jn double, and an electrical insulating material (for ex- 
ample, alumina, zirconia, magnesia, silica, etc.) is coat- 
ed by electrode position, etc. and formed as electrical 
insulating layer 4 on the surface of this tungsten filament 
coil. Also, an arrangement, which uses a cylindrical pipe 

25 of an electrical insulating material (for example, alumi- 
na, zirconia, magnesia, silica, etc.) and with which heat- 
er 1 is inserted inside this cylindrical pipe insulate heater 
1 , maybe employed inplace of electrical insulating layer 
4. 

30 [0028] Double coil 2 is a multiple coil arranged from a 
coil that is wound in coil form, and a tungsten element 
wire of 0. 091mm diameter is formed into a primary coil 
with a diameter of 0.25mm and a pitch of 0.146mm and 
this primary coil is formed into a double coil with a diam- 

35 eter of 1 .7mm and a pitch of 0.6mm. Heater 1 is inserted 
into and disposed at the inner side of double coil 2. As 
a coil member, a triple coil, etc. may be used in place of 
double coil 2. 

[0029] Plate member 3 is a conductive rigid body 

40 (metal conductor) formed to plate, high-melting-point 
metal (with a melting point of at least 1000°C) selected 
from among groups Ilia to Vila, VIII, and lb of the peri- 
odic table or, more specifically, from among tungsten, 
tantalum, molybdenum, rhenium, niobium, osmium, irid- 

45 ium, iron, nickel, cobalt, titanium, zirconium, manga- 
nese, chromium, vanadium, rhodium, rare earth metals, 
etc. or an alloy of these metals . With the present em- 
bodiment, atungsten plate member of 1 .5mm width and 
25.4um thickness is used. 

so [0030] Plate member 3 is disposed so as to be sub- 
stantially orthogonal to the discharge direction along the 
length direction of double coil 2 at the inner side of dou- 
ble coil 2 (between heater 1 and double coil 2). Plate 
member 3 is in a state where it is electrically connected 

55 to double coil 2. Also, plate member 3 contacts a plural- 
ity of coil parts at the inner side of double coil 2 and thus 
forms a plurality of contacts with double coil 2. Plate 
member 3 is grounded (set toGND) by being connected 
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to the ground terminal of heater 1 . By plate member 3 
being grounded, double coil 2 is grounded as well. Also, 
in place of using plate member 3, a wire member that 
has been formed to a wire (for example, a tungsten el- 
ement wire of approximately 0.1 diameter) may be used. 5 
Also, plate member 3 and double coil 2 may be welded 
together at the respective contact points. 
[0031] Metal oxide 10 is held by double coil 2 and 
heater 1 and is put in contact with plate member 3. The 
surface of metal oxide 1 0 and the surface of double coil 
2 are exposed to the outer side of indirectly heated cath- 
ode for gas discharge tube C1 , and the surface part of 
double coil 2 is put in contact with the surface part of 
metal oxide 10. 

[0032] As metal oxide 1 0, a single oxide of a metal 
selected from among barium (Ba), strontium (Sr), and 
calcium (Ca), or a mixture of such oxides, or an oxide, 
with which the principle component is a single oxide of 
a metal selected from among barium, strontium, and cal- 
cium or a mixture of such oxides and a sub-component 
is an oxide of a metal selected among rare earth metals 
including lanthanum (metals of group II la of the periodic 
table), is used. Each of barium, strontium, and calcium 
is low in work function, can emit thermions readily, and 
enable the thermion supply amount to be increased. Al- 
so, in a case where a rare earth metal (metal of group 
Ilia of the periodic table) is added as a sub-component, 
the thermion supply amount can be increased further 
and the sputter resistance can be improved as well. 
[0033] As the cathode material, metal oxide 10 is 
coated in the form of a metal carbonate (for example, 
barium carbonate, strontium carbonate, calcium car- 
bonate, etc.) and obtained by vacuum thermal decom- 
position of the coatedmetal carbonate. If vacuum ther- 
mal decomposition is to be performed by passage of 
electricity through the heater 1 , AC thermal decomposi- 
tion is preferred over DC thermal decomposition. In the 
final stage, the metal oxide 10 that is thus obtained be- 
comes the material likely to emit electrons. 
[0034] The metal carbonate that is to be the cathode 
material is coated from the surface side of double coil 2 
with heater 1 being positioned at the inner side of double 
coil 2 and plate member 3 being positioned at the inner 
side of double coil 2 that is to be the discharge surface 
side as shown in Figs. 1 through 3B. The metal carbon- 
ate need not be coated so as to cover the entire periph- 
ery of indirectly heated cathode for gas discharge tube 
C1 (double coil 2) but may be coated onto just the part 
at the side at which plate member 3 is provided and 
which is to be the discharge surface side. 
[0035] As shown in Figs. 3B and 4, heater 1 is put in 
contact with metal oxide 10 and double coil 2 via elec- 
trical insulating layer 4. The heat of heater 1 can thus 
be transferred definitely and efficiently to metal oxide 1 0 
and double coil 2 in the preheating process. Also, in 
comparison to an arrangement having a cylinder of good 
thermal conductivity, such as that of the indirectly heat- 
ed cathode for gas discharge tube disclosed in Japa- 



nese Examined Patent Publication No. Sho 62-56628, 
the loss of the heat amount necessary for hot cathode 
operation can be restrained. This enable designs, which 
require neither the supplying of heat to the electrode 
from the exterior nor forced heating and with which the 
electrode will operate with just the heat amount provided 
by self-heating. When electrons are emitted from an 
electrode in a gas discharge tube, the ionized gas in the 
discharge space collides and causes electrical neutral- 
ization, and here, M self-h eating" refers to the heat that is 
generated by the impact of collision of the gas molecules 
with the electrode. 

[0036] Though besides the abovementioned metal 
oxides, the use of a metal boride, such lanthanum bo- 
ride, a metal carbide, a metal nitride, etc. as the thermion 
supply source may be considered, metal borides, metal 
carbides, metal nitrides are poor in performance as a 
thermion supply source that can serve as a hot cathode 
for gas discharge tube and there is no meaning in adding 
such compounds as a principle component or a sub- 
component. However, such compounds may be used at 
peripheral parts of the cathode for effects besides the 
effect as a thermion supply source, such as for improv- 
ing the insulation effect in order to restrain the amount 
of heat dissipation to parts besides the discharge part. 
[0037] Here, consider the discharge at three prede- 
termined discharge parts (designated as point 1 A, point 
1B, and point 1C, starting from the point closer to the 
ground (GND) that is the electron supply source) on the 
surface of double coil 2. The respective discharge parts 
1A, 1B, and 1C have resistances R1A, R1B, and R1C 
corresponding to winding resistances from plate mem- 
ber 3 to double coil 2. Though the discharge current 
amount will differ according to the work function of each 
location, supposing that: 

I1A > I1B > I1C (1) 

[0038] when the main discharge occurs at discharge 
part 1 A, having a winding resistance R1 A, the genera- 
tion of heat (W) due to Joule heat, expressed by the fol- 
lowing Equation (2), increases: 

W=I1A 2 XR1A (2) 

and the lowering of the work function due to tem- 
perature rise occurs. Thus much of the discharge con- 
centrates at this discharge part 1 A, causing the degree 
of concentration of discharge to increase, and the dis- 
charge distribution becomes a continuous distribution of 
peaks with gradual unevenness. The greater the value 
of the winding resistance R1A, the greater the slope of 
the discharge distribution, and oppositely, as the value 
of the winding resistance R1 A becomes small, the dis- 
charge distribution converges to a broad, gradual, sin- 



15 



20 



25 



30 



35 



40 



45 



50 



7 



13 



EP 1 351 275 A1 



14 



gle-peak continuous distribution. 
[0039] Thus with indirectly heated cathode for gas dis- 
charge tube C1 of the present embodiment, since plate 
member 3 is disposed in contact with metal oxide 10 
and double coil 2, plate member 3, along with the inner 5 
side part of double coil 2, effectively forms an equipo- 
tential surface at the rear surface (surface at the oppo- 
site side of the discharge surface) of double coil 2. That 
is, plate member 3 and the inner side part of double coil 
2 are arranged with a plurality of electrical wiring (con- 
duction paths) and do not restrict the flow of electrical 
current to a single direction. The electrical resistances 
across the ends of the surface of plate member 3 are 
thus considerably low, the surface of plate member 3 is 
put in a substantially equipotential state, and the poten- 
tial of the discharge surface that comprises a plurality of 
discharge points or discharge lines will be substantially 
uniform. In other words, a plurality of electrical circuits, 
which enable discharge current to flow in directions par- 
allel to the discharge surface, that is, a plurality of paths 
(equipotential circuits) for the discharge electrons 
(emission) are formed by plate member 3. 
[0040] Thus with indirectly heated cathode for gas dis- 
charge tube C1 , since an equipotential surface is formed 
effectively at the rear surface (surface at the opposite 
side of the discharge surface) of double coil 2 by plate 
member 3 and double coil 2, and thermionic emission 
thus occurs over a wide region of the equipotential sur- 
face that is formed, the discharge area is increased, the 
electron emission amount per unit area (electron emis- 
sion density) is increased, and the load placed on the 
discharge position is lightened, and the sputtering of 
metal oxide 10 and stabilization (mineralization) due to 
oxidation with the reduced metal, which are degradation 
factors, can be restrained, in other words, the lowering 
of the thermionic emission ability can be restrained. As 
a result, the occurrence of localized discharge can be 
restrained and long service life of the cathode can be 
realized. Since the movement of the discharge position 
is also restrained, stable discharge over a long period 
of time can be realized. Also, since the discharge area 
is increased, the operation voltage and the generated 
heat amount of indirectly heated cathode for gas dis- 
charge tube C1 can be reduced. 
[0041] Also, with indirectly heated cathode for gas dis- 
charge tube C1, due to the increase of the discharge 
area, even if the current density is slightly increased and 
the load is somewhat increased, that is, even if the dis- 
charge current is increased, the damage can be made 
less than that of the prior art. This enables the provision 
of an indirectly heated cathode for gas discharge tube 
of large discharge current with substantially the same 
shape as that of the prior art and the realization of pulse 
operation and large current operation. 
[0042] Also since plate member 3 is used as the elec- 
trical conductor, an electrical conductor of an arrange- 
ment, which can restrain the degradation of the thermi- 
onic emission ability and the movement of the discharge 



position, can be realized at low cost and in a simpler 
manner. Also, since plate member 3 (electrical conduc- 
tor) is a rigid body, it is easy to process and can be put 
in close contact with metal oxide 1 0. Furthermore, the 
locations at which plate member 3 contacts metal oxide 
1 0 can be made numerous readily. 
[0043] With indirectly heated cathode for gas dis- 
charge tube C1 of the present embodiment, since heater 
1 is used as a core at the outer side of which double coil 
2, which holds metal oxide 10, is positioned in a sur- 
rounding manner, and plate member 3 is positioned at 
the inner side of double coil 2 so as to be in contact with 
metal oxide 1 0, the vibration restraining effect of double 
coil 2 is put to work and the falling off of metal oxide 1 0 
is thereby prevented. Also, since a large amount of met- 
al oxide 10 will be held between the pitches of double 
coil 2, the effect of replenishing the metal oxide loss that 
accompanies the degradation with time during dis- 
charge is provided. 

(Second Embodiment) 

[0044] Fig. 5 is a schematic sectional view of an indi- 
rectly heated cathode for gas discharge tube of a sec- 
ond embodiment. The second embodiment differs from 
the first embodiment in that the double coil has a man- 
drel and the electrical conductor is a mesh member. 
[0045] As shown in Fig. 5, indirectly heated cathode 
for gas discharge tube C2 has a heater 1 , a double coil 
41 as a coil member, a mesh member 21 as an electrical 
conductor, and a metal oxide 1 0 as a material likely to 
emit electrons. 

[0046] Double coil 41, like double coil 2 of the first em- 
bodiment, is a multiple coil arranged from a coil wound 
in coil form and has a mandrel 42. Heater 1 is disposed 
at the inner side of double coil 41 . Here, the mandrel is 
a core wire that serves the role of a mold that determines 
the winding diameter in the process of preparing the fil- 
ament coil. As the material of the mandrel, for example, 
molybdenum is used. 

[0047] Mesh member 21 is a conductive rigid body 
(metal conductor) formed of a single, high-melting-point 
metal (with a melting point of at least 1000°C) selected 
from among groups Ilia to Vila, VIII, and lb of the peri- 
odic table or, more specifically, from among tungsten, 
tantalum, molybdenum, rhenium, niobium, osmium, irid- 
ium, iron, nickel, cobalt, titanium, zirconium, manga- 
nese, chromium, vanadium, rhodium, rare earth metals, 
etc. or an alloy of these metals . With the present em- 
bodiment, a mesh member made by weaving tungsten 
element wires of 0.03mm diameter into mesh form is 
used. The mesh size of mesh member 21 is set to 80 
mesh. Mesh member 21 has a prescribed length. 
[0048] Mesh member 2 is disposed across the length 
direction of double coil 41 at the inner side of double coil 
41 (between heater 1 and double coil 41) so as to be 
substantially orthogonal to the discharge direction. 
Mesh member 21 is put in a state where it is in electrical 
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contact with double coil 41 . Mesh member 21 also con- 
tacts a plurality of coil parts at the inner side of double 
coil 41 and forms a plurality contacts with double coil 41 . 
Mesh member 21 is connected to the ground terminal 
of heater 1 and is thereby grounded (set to GND) . By 5 
mesh member 21 being grounded, double coil 41 is also 
grounded. 

[0049] Metal oxide 10 is held by double coil 41 and 
heater 1 . The surface part of double coil 41 and metal 
oxide 1 0 are exposed to the outer side of indirectly heat- 
ed cathode for gas discharge tube C2 so that the surface 
of metal oxide 1 0 and the surface part of double coil 41 
make up a discharge surface and the surface part of 
metal oxide 10 is put in contact with the surface part of 
double coil 41 . Metal oxide 10 is disposed in the same 
manner as in the first embodiment. 
[0050] As shown in Fig. 5, heater 1 is in contact with 
metal oxide 10 and double coil 42 via electrical insulat- 
ing layer 4. The heat of heater 1 can thus be transferred 
definitely and efficiently to metal oxide 10 and double 
coil 42 in the preheating process. Also, as with the first 
embodiment, the loss of the heat amount necessary for 
hot cathode operation can be restrained, and this ena- 
bles designs, which require neither the supplying of heat 
to the electrode from the exterior nor forced heating and 
with which the electrode will operate with just the heat 
amount provided by self-heating. 
[0051] Thus with indirectly heated cathode for gas dis- 
charge tube C2 of the present embodiment, since mesh 
member 21 is put in contact with metal oxide 1 0 and with 
double coil 41 , mesh member 21 effectively forms an 
equi potential surface at the rear surface (surface at the 
opposite side of the discharge surface) of double coil 
41 . That is, mesh member 21 is arranged with a plurality 
of electrical wiring (conduction paths) and does not re- 
strict the flow of electrical current to a single direction. 
The electrical resistances across the ends of the surface 
of mesh member 21 are thus considerably low, the sur- 
face of mesh member 21 is put in a substantially equi- 
potential state, and the potential of the discharge sur- 
face that comprises a plurality of discharge points or dis- 
charge lines will be substantially uniform. In other words, 
a plurality of electrical circuits, which enable discharge 
current to flow in directions parallel to the discharge sur- 
face, that is, a plurality of paths (equipotential circuits) 
for the discharge electrons (emission) are formed by 
mesh member 21 . 

[0052] Thus with indirectly heated cathode for gas dis- 
charge tube C2, since an equipotential surface is formed 
effectively at the rear surface (surface at the opposite 
side of the discharge surface) of double coil 41 by mesh 
member 21 and thermionic emission thus occurs over a 
wide region of the equipotential surface that is formed, 
the discharge area is increased, the electron emission 
amount per unit area (electron emission density) is in- 
creased, and the loadplaced on the discharge position 
is lightened, and the sputtering of metal oxide 10 and 
stabilization (mineralization) due to oxidation with the re- 



duced metal, which are degradation factors, can be re- 
strained, in other words, the lowering of the thermionic 
emission ability can be restrained. As a result, the oc- 
currence of localized discharge can be restrained and 
long service life of the cathode can be realized. Since 
the movement of the discharge position can also be re- 
strained, stable discharge over a long period of time can 
be realized. Also since the discharge area is increased, 
the operation voltage and the generated heat amount of 
indirectly heated cathode for gas discharge tube C2 can 
be reduced. 

[0053] Also, with indirectly heated cathode for gas dis- 
charge tube C2, due to the increase of the discharge 
area, even if the current density is slightly increased and 
the load is somewhat increased, that is, even if the dis- 
charge current is increased, the damage can be made 
less than that of the prior art. This enables the provision 
of an indirectly heated cathode for gas discharge tube 
of large discharge current with substantially the same 
shape as that of the prior art and the realization of pulse 
operation and large current operation. 
[0054] Also since mesh member 21 is used as the 
electrical conductor, an electrical conductor of an ar- 
rangement that can restrain the degradation of thermi- 
onic emission ability and the movement of the discharge 
position can be realized at low cost and in a simpler 
manner. Also, since mesh member 21 (electrical con- 
ductor) is a rigid body, it is easy to process and can be 
put in close contact with metal oxide 1 0. Furthermore, 
the locations at which mesh member 21 contacts metal 
oxide 10 can be made numerous readily. 
[0055] With indirectly heated cathode for gas dis- 
charge tube C2 of the present embodiment, since heater 
1 is used as a core at the outer side of which double coil 
41, which holds metal oxide 10, is positioned in a sur- 
rounding manner, and mesh member 21 is positioned 
at the inner side of double coil 41 so as to be in contact 
with metal oxide 10, the vibration restraining effect of 
double coil 41 is put to work and the falling off of metal 
oxide 10 is thereby prevented. Also, since a large 
amount of metal oxide 1 0 will be held between the pitch- 
es of double coil 41 , the effect of replenishing the metal 
oxide loss that accompanies the degradation with time 
during discharge is provided. 

[0056] Also, since double coil 41 has a mandrel, the 
additional effect that the deformation of double coil 41 
during processing can be restrained is provided. 

(Third Embodiment) 

[0057] Fig. 6 is a schematic sectional view of an indi- 
rectly heated cathode for gas discharge tube of a third 
embodiment. The third embodiment differs from the first 
and second embodiments in that the coil member is a 
single coil and the electrical conductor is a wire member. 
[0058] As shown In Fig. 6, indirectly heated cathode 
for gas discharge tube C3 has a heater 1 , a single coil 
45 as a coil member, a wire member 23 as an electrical 
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conductor, and a metal oxide 1 0 as a material likely to 
emit electrons. 

[0059] Single coil 45 is a coil member arranged as a 
coil wound in the form of a single coil and is formed by 
winding a tungsten element wire of 0.15mm diameter at 5 
a diameter of 1 .7mm and a pitch of 0.18mm. Heater 1 
is disposed at the inner side of single coil 45. 
[0060] Wire member 23, which is formed to a wire and 
has a predetermined length, is, like mesh member 21, 
a conductive, rigid body (metal conductor) formed of a 
single, high-melting-point metal (with a melting point of 
at least 1000° C) selected from among groups Ilia to Vi- 
la, VIII, and lb of the periodic table or, more specifically, 
from among tungsten, tantalum, molybdenum, rhenium, 
niobium, osmium, iridium, iron, nickel, cobalt, titanium, 
zirconium, manganese, chromium, vanadium, rhodium, 
rare earth metals, etc. or an alloyof these metals . With 
the present embodiment, a wire member made of tung- 
sten is used. The diameter of wire member 23 is set to 
approximately 0.1mm. 

[0061] Wire member 23 is disposed at the inner side 
of single coil 45 (between heater 1 and single coil 45) 
and along the length direction of single coil 45 so as to 
be substantially orthogonal to the discharge direction. 
Wire member 23 is put in a state where it is electrically 
connected with single coil 45. Also, wire member 23 
contacts a plurality of coil parts at the inner side of single 
coil 45 and thus forms a plurality of contacts with single 
coil 45. Wire member 23 is grounded (set to GND) by 
being connected, along with the ground terminal of heat- 
er 1 , to a lead rod. By plate member 3 being grounded, 
single coil 45 is grounded as well. 
[0062] Metal oxide 10 is held by single coil 45 and 
heater 1. The surface part of single coil 45 and metal 
oxide 1 0 are exposed to the outer side of indirectly heat- 
ed cathode for gas discharge tube C3 so that the surface 
of metal oxide 10 and the surface part of single coil 45 
make up a discharge surface and the surface part of 
metal oxide 10 is put in contact with the surface part of 
single coil 45. Metal oxide 10 is disposed in the same 
manner as in the first embodiment. 
[0063] As shown in Fig. 5, heater 1 is in contact with 
metal oxide 10 and single coil 45 via electrical insulating 
layer 4. The heat of heater 1 can thus be transferred 
definitely and efficiently to metal oxide 1 0 and single coil 
45 in the preheating process. Also, as with the first em- 
bodiment, the loss of the heat amount necessary for hot 
cathode operation can be restrained, and this enables 
designs, which require neither the supplying of heat to 
the electrode from the exterior nor forced heating and 
with which the electrode will operate with just the heat 
amount provided by self-heating. 
[0064] Thus with indirectly heated cathode for gas dis- 
charge tube C3 of the present embodiment, since wire 
member 23 put in contact with metal oxide 1 0 and with 
single coil 45, wire member 23, along with the inner side 
part of single coil 45, effectively forms an equipotential 
surface at the rear surface (surface at the opposite side 



of the discharge surface) of single coil 45. That is, wire 
member 23 and the inner side part of single coil 45 are 
arranged with a plurality of electrical wiring (conduction 
paths) and do not restrict the flow of electrical current to 
a single direction. The electrical resistances across the 
ends of the surface of wire member 23 are thus consid- 
erably low, the surface of wire member 23 is put in a 
substantially equipotential state, and the potential of the 
discharge surface that comprises a plurality of dis- 
charge points or discharge lines will be substantially uni- 
form. In other words, a plurality of electrical circuits, 
which enable discharge current to flow in directions par- 
allel to the discharge surface, that is, a plurality of paths 
(equipotential circuits) for the discharge electrons 
(emission) are formed by wire member 23. 
[0065] Thus with indirectly heated cathode for gas dis- 
charge tube C3 , since an equipotential surface is formed 
effectively at the rear surface (surface at the opposite 
side of the discharge surface) of single coil 45 by wire 
member 23 and the inner side part of single coil 45 and 
thermionic emission thus occurs over a wide region of 
the equipotential surface that is formed, the discharge 
area is increased, the electron emission amount per unit 
area (electron emission density) is increased, and the 
load placed on the discharge position is lightened, and 
the sputtering of metal oxide 10 and stabilization (min- 
eralization) due to oxidation with the reduced metal, 
which are degradation factors, can be restrained, in oth- 
er words, the lowering of the thermionic emission ability 
can be restrained. As a result, the occurrence of local- 
ized discharge can be restrained and long service life of 
the cathode can be realized. Since the movement of the 
discharge position can also be restrained, stable dis- 
charge over a long period of time can be realized. Also 
since the discharge area is increased, the operation 
voltage and the generated heat amount of indirectly 
heated cathode for gas discharge tube C3 can be re- 
duced. 

[0066] Also, with indirectly heated cathode for gas dis- 
charge tube C3, due to the increase of the discharge 
area, even if the current density is slightly increased and 
the load is somewhat increased, that is, even if the dis- 
charge current is increased, the damage can be made 
less than that of the prior art. This enables the provision 
of an indirectly heated cathode for gas discharge tube 
of large discharge current with substantially the same 
shape as that of the prior art and the realization of pulse 
operation and large current operation. 
[0067] Also since wire member 23 is used as the elec- 
trical conductor, an electrical conductor of an arrange- 
ment that can restrain the degradation of thermionic 
emission ability and the movement of the discharge po- 
sition can be realized at low cost and in a simpler man- 
ner. Also, since wire member 23 (electrical conductor) 
is a rigid body, it is easy to process and can be put in 
close contact with metal oxide 10. Furthermore, the lo- 
cations at which wire member 23 contacts metal oxide 
10 can be made numerous readily. 
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[0068] Also with indirectly heated cathode for gas dis- 
charge tube C3 of the present embodiment, since heater 
1 is used as a core at the outer side of which single coil 
45, which holds metal oxide 10, is positioned in a sur- 
rounding manner, and wire member 23 is positioned at 
the inner side of single coil 45 so as to be in contact with 
metal oxide 10, the vibration restraining effect of single 
coil 45 is put to work and the falling off of metal oxide 
1 0 is thereby prevented. 

(Fourth Embodiment) 

[0069] Fig. 7 is a schematic sectional view of an indi- 
rectly heated cathode for gas discharge tube of a fourth 
embodiment. The fourth embodiment differs from the 
first to third embodiments in having a base metal. 
[0070] As shown in Fig. 7, indirectly heated cathode 
for gas discharge tube C4 has a heater 1 , a double coil 
41 , a metal oxide 1 0 as a material likely to emit elec- 
trons, and a base metal 31 . 

[0071] Base metal 31 is formed to a tubular form and 
is conductive. Base metal 31 is formed for example of 
molybdenum, etc. Heater 1 is inserted into and posi- 
tioned at the inner side of this base metal 31 . Double 
coil 41 is wound a plurality of times around and fixed to 
the outer surface of base metal 31 . Base metal 31 func- 
tions as a barrier between metal oxide 10, which is the 
material likely to emit electrons, and electrical insulating 
layer 4, which is formed on heater 1 . As base metal 31 , 
a medium- to high-melting-point metal with a melting 
point that is higher than the cathode temperature during 
operation may be used. Also, though a tubular member 
of cylindrical shape is generally used as base metal 31 , 
a tubular member with an arcuate shape with a notch 
(an open shape) may be used instead. 
[0072] Base metal 31 is disposed at the inner side of 
double coil 41 (between heater 1 and double coil 41) 
and along the length direction of double coil 41 so as to 
be substantially orthogonal to the discharge direction. 
Base metal 31 is put in a state where it is electrically 
connected to double coil 41 . Also, base metal 31 con- 
tacts a plurality of coil parts at the inner side of double 
coil 41 and thus forms a plurality of contacts with double 
coil 41 . Base metal 31 is grounded (set to GND) by being 
connected, along with the ground terminal of heater 1, 
to a lead rod. By base metal 31 being grounded, double 
coil 41 is grounded as well. 

[0073] Metal oxide 1 0 is held by double coil 41 . The 
surface part of double coil 41 and metal oxide 10 are 
exposed to the outer side of indirectly heated cathode 
for gas discharge tube C4 so that the surface of metal 
oxide 1 0 and the surface part of double coil 41 make up 
a discharge surface and the surface part of metal oxide 
1 0 is put in contact with the surface part of double coil 41 . 
[0074] Thus with indirectly heated cathode for gas dis- 
charge tube C4 of the present embodiment, since base 
metal 31 is disposed in contact with metal oxide 1 0 and 
with double coil 41 , base metal 31 , along with the inner 



side part of double coil 41 , effectively forms an equipo- 
tential surface at the rear surface (surface at the oppo- 
site side of the discharge surface) of double coil 41 . That 
is, base metal 31 and double coil 41 are arranged with 
5 a plurality of electrical wiring (conduction paths) and do 
not restrict the flow of electrical current to a single direc- 
tion. The electrical resistances across the ends of the 
surface of base metal 31 are thus considerably low, the 
surface of base metal 31 is put in a substantially equi- 
io potential state, and the potential of the discharge sur- 
face that comprises a plurality of discharge points or dis- 
charge lines will be substantially uniform. In other words, 
a plurality of electrical circuits, which enable discharge 
current to flow in directions parallel to the discharge sur- 
fs face, that is, a plurality of paths (equipotential circuits) 
for the discharge electrons (emission) are formed by 
base metal 31. 

[0075] Thus with indirectly heated cathode for gas dis- 
charge tube C4, since an equipotential surface is formed 

20 effectively at the rear surface (surface at the opposite 
side of the discharge surface) of double coil 41 by base 
metal 31 and double coil 41 , and thermionic emission 
thus occurs over a wide region of the equipotential sur- 
face that is formed, the discharge area is increased, the 

25 electron emission amount per unit area (electron emis- 
sion density) is increased, and the load placed on the 
discharge position is lightened, and the sputtering of 
metal oxide 10 and stabilization (mineralization) due to 
oxidation with the reduced metal, which are degradation 

30 factors, can be restrained, in other words, the lowering 
of the thermionic emission ability can be restrained. As 
a result, the occurrence of localized discharge can be 
restrained and long service life of the cathode can be 
realized. Since the movement of the discharge position 

35 can also be restrained, stable discharge over a long pe- 
riod of time can be realized. Also since the discharge 
area is increased, the operation voltage and the gener- 
ated heat amount of indirectly heated cathode for gas 
discharge tube C4 can be reduced. 

40 [0076] Also, with indirectly heated cathode for gas dis- 
charge tube C4, due to the increase of the discharge 
area, even if the current density is slightly increased and 
the load is somewhat increased, that is, even if the dis- 
charge current is increased, the damage can be made 

45 less than that of the prior art. This enables the provision 
of an indirectly heated cathode for gas discharge tube 
of large discharge current with substantially the same 
shape as that of the prior art and the realization of pulse 
operation and large current operation. 

so [0077] Also, since double coil 41 has amandrel, the 
additional effect that the deformation of double coil 41 
during processing can be restrained is provided. 
[0078] Next, a gas discharge tube, which uses indi- 
rectly heated cathode for gas discharge tube C1 of the 

55 above-described arrangement, shall be described 
based on Figs. 8 to 10. Fig. 8 is an overall perspective 
view of a gas discharge tube that uses indirectly heated 
cathode for gas discharge tube C1 , Fig. 9 is an exploded 
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perspective view of the light emitting part of the gas dis- 
charge tube, and Fig. 10 is a transverse sectional view 
of the tight emitting part. With this embodiment, indirect- 
ly heated cathode for gas discharge tube C1 is applied 
to a side-on type deuterium gas discharge tube. As the 
indirectly heated cathode for gas discharge tube, any of 
the indirectly heated cathodes for gas discharge tube 
C2 to C4 may be used in place of indirectly heated cath- 
ode for gas discharge tube C1 . 
[0079] A deuterium gas discharge tube DT2 has a 
glass outer container 61 . As shown in Fig. 8, a light emit- 
ting part assembly 62 is housed inside outer container 

61 and the bottom part of outer container 61 is sealed 
in an airtight manner by a glass stem 63. Four lead pins 
64a to 64d extend from the lower part of light emitting 
part assembly 62 and are exposed to the exterior upon 
passing through stem 63. Light emitting part assembly 

62 has a shielding box structure, formed by adhering 
together a discharge shielding plate (discharge shield- 
ing part) 71 and a supporting plate 72, both made of alu- 
mina, and a metal front cover 73, which is mounted to 
the front face of discharge shielding plate 71 . 

[0080] As shown in Fig. 9, a through hole is formed in 
the vertical direction at the rear part of supporting plate 
72, having a protruding cross-sectional shape, and lead 
pin 64a is inserted through this through hole and held 
by stem 63. An indented groove, which extends verti- 
cally downwards, is formed on the front face of support- 
ing plate 72, and lead pin 64b, which extends from stem 
63, is set inside this groove, and by these parts, sup- 
porting plate 72 is fixed to stem 63. A flat, rectangular 
anode 74 is fixed facing forward on lead pin 64b and is 
held by being in contact with two protrusions formed on 
the front face of supporting plate 72. 
[0081] Also as shown in Fig. 9, discharge shielding 
plate 71 is arranged as a structure with a protruding 
cross-sectional shape that is thinner and wider in com- 
parison to supporting plate 72, and a through hole 71a 
is formed at a central position corresponding to anode 
74. A through hole is formed in the vertical direction to 
a side of the protruding part of discharge shielding plate 
71 , and an electrode rod 81 , which has been bent to an 
L-shape, is inserted through this through hole. In the 
condition where discharge shielding plate 71 and sup- 
porting plate 72 are adhered together, the lower end of 
electrode rod 81 and the tip of lead pin 64c, which has 
been bent into an L-shape, are welded together. An up- 
per electrode rod 82 of an indirectly heated cathode for 
gas discharge tube C1 is welded to the tip part of elec- 
trode rod 81 that extends to the side, and in the condition 
where discharge shielding plate 71 and supporting plate 
72 are adhered together, a lower electrode rod 83 is 
welded to the tip of lead pin 64d, which has been bent 
into an L-shape. 

[0082] As shown in Fig. 9, a metal focusing electrode 
76 is arranged by preparing an L-shaped metal plate, 
having a focusing aperture 76a formed coaxial to 
through hole 71a of discharge shielding plate 71 at a 



middle part, and bending this metal plate towards the 
rear at the upper part and towards the front at a side part 
in the direction of indirectly heated cathode for gas dis- 
charge tube C1, and at a side part, an aperture 76b, 

5 which has a rectangular shape that is long in the vertical 
direction and faces indirectly heated cathode for gas dis- 
charge tube C1 , is formed. Each of discharge shielding 
plate 71 , supporting plate 72, and focusing electrode 76 
has four through holes formed at corresponding posi- 

10 tions. Thus by inserting two metal pins 84 and 85 in the 
condition where discharge shieldingplate 71 , supporting 
plate 72, and focusing electrode 76 are adhered togeth- 
er, these components can be fixed to stem 63. 
[0083] As shown in Figs. 8 and 9, metal front cover 

15 73 has a U-shaped cross section that is formed by bend- 
ing in four stages and has an aperture window 73a for 
light projection formed at a central part. Two protrusions 
73b are formed at each end part and these correspond 
to four through apertures 71 b that are formed at the end 

20 parts of the front face of discharge shielding plate 71 . 
Here, by inserting these protrusions 73b into through ap- 
ertures 71 b , front cover 73 is fixed to discharge shielding 
plate 71 , and in this condition, the front end part of fo- 
cusing electrode 76 contacts the inner face of front cover 

25 73, and the space in which indirectly heated cathode for 
gas discharge tube C1 is disposed is separated from the 
light emitting space. 

[0084] As shown in Figs. 9 and 1 0, focusing electrode 
76 has, at its central part, a focusing aperture 76a that 

30 is coaxial to through hole 71a of discharge shielding 
plate 71 , and here, an aperture restricting plate 78 for 
restricting the aperture diameter is fixed by welding. Ap- 
erture restricting plate 78 is bent in the direction of anode 
74 at the periphery of focusing aperture 76a and thus 

35 the distance between anode 74 and the aperture of ap- 
erture restricting plate 78 is less than the thickness of 
discharge shielding plate 78. 

[0085] The respective electrodes inside light emitting 
part 62, which is assembled in the above-described 

40 manner, are positioned as shown in Fig. 10. Anode 74 
is fixed by being sandwiched by discharge shielding 
plate 71 and supporting plate 72, and aperture restrict- 
ing plate 78, which is welded to focusing electrode 76 is 
fixed to discharge shielding plate 71 at a position at 

45 which it faces anode 74 via through hole 71a of dis- 
charge shielding plate 71 . Indirectly heated cathode for 
gas discharge tube C1 is positioned within a space sur- 
rounded by discharge shieldingplate 71 , front cover 73, 
and the surface of focusing electrode 76 provided with 

so rectangular aperture 76b and at a position at which it 
faces aperture restricting plate 78 via rectangular aper- 
ture 76b. 

[0086] The operation of deuterium gas discharge tube 
DT1 shall now be described with reference to Fig. 10. 
55 After indirectly heated cathode for gas discharge tube 
C1 has been heated adequately, a trigger voltage is ap- 
plied across anode 74 and indirectly heated cathode for 
gas discharge tube C1 and discharge is thereby started. 
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The flow path of thermions at this time is restricted to 
just the single path 91 (illustrated as the part sand- 
wiched by broken lines) by the focusing by aperture re- 
stricting plate 78 of focusing electrode 76 and the shield- 
ing effect by discharge shielding plate 71 and supporting 
plate 72. That is, the thermions (not shown) emitted from 
indirectly heated cathode for gas discharge tube C1 
pass through aperture restricting plate 78 from rectan- 
gular aperture 76b of focusing electrode 76, pass 
through the through hole 71a of discharge shielding 
plate 71 and reaches anode 74. An arc ball 92 due to 
arc discharge is generated at a space in front of aperture 
restricting plate 78 and at the side opposite anode 74. 
The light taken out from arc ball 92 is emitted substan- 
tially in the direction of arrow 93 through aperture win- 
dow 73a of front cover 73. 

[0087] Thus with deuterium gas discharge tube DT1 
of the present embodiment, a deuterium gas discharge 
tube of long service life and stable operation can be re- 
alized by the use of any of indirectly heated cathodes 
for gas discharge tube C1 . 

[0088] Any of indirectly heated cathodes for gas dis- 
charge tube C1 to C4 may be used as an electrode (in- 
directly heated cathode for gas discharge tube) in a gas 
discharge tube besides the above-described deuterium 
gas discharge tube DT1 , for example, in a head-on type 
deuterium gas discharge tube, with which light is taken 
out from a top part of the tube, a rare gas fluorescent 
lamp, a mercury fluorescent lamp, etc. Specifically, gas 
discharge tubes using this invention's indirectly heated 
electrode for gas discharge tube include a rare gas flu- 
orescent lamp, which has discharge electrodes, forming 
a pair and including this invention's indirectly heated 
electrode for gas discharge tube, has a sealed contain- 
er, on the inner surface of which is formed a fluorescent 
film, and with which a rare gas is sealed inside the 
sealed container. Gas discharge tubes using this inven- 
tion's indirectly heated electrode for gas discharge tube 
include a mercury lamp, which has discharge elec- 
trodes, forming a pair and including this invention's in- 
directly heated electrode for gas discharge tube, has a 
sealed container, and with which a rare gas and mercury 
are sealed inside the sealed container. Gas discharge 
tubes using this invention's indirectly heated electrode 
for gas discharge tube include a fluorescent lamp, which 
has discharge electrodes, forming a pair and including 
this invention's indirectly heated electrode for gas dis- 
charge tube, has a sealed container, on the inner sur- 
face of which is formed a fluorescent film, and with which 
a rare gas and mercury are sealed inside the sealed 
container. 

[0089] Also, making use of the characteristic of the 
dispersion of discharge, 'this invention's in directly heated 
electrode for gas discharge tube may be employed in a 
lamp with one outer electrode, which has an electrode 
42 at the exterior of a container 41 , has any of indirectly 
heated cathodes for gas discharge tube C1 to C4 dis- 
posed inside container 41 , has a rare gas sealed inside 



container 41 , and is driven using a high-frequency pow- 
er supply 43 as shown in Fig. 11 . This invention's indi- 
rectly heated electrode for gas discharge tube can thus 
be used in the above-described low-pressure gas lamp, 
5 etc. 

[0090] As a lighting circuit for the above-described 
gas discharge tube DT2 t which may be a rare gas fluo- 
rescent lamp, mercury lamp, fluorescent lamp, etc., a 
known, starter (preheating starting) type lighting circuit, 

10 having a glow tube 53, ballast 54, and AC power supply 
55 as shown in Fig. 12, maybe used. In place of a starter 
type, a rapid start type lighting circuit may also be used 
as the lighting circuit. As the driving method, a type spe- 
cialized to high-frequency lighting (Hf) may also be 

15 used. 

[0091] With a gas discharge tube using this inven- 
tion's indirectly heated electrode for gas discharge tube, 
in the case of AC operation, each of the pair of elec- 
trodes (indirectly heated cathodes for gas discharge 

20 tube C1 to C4) altematingly serves, as the main func- 
tions, the role of a cathode that emits electrons and an 
anode into which electrons flow. When functioning as 
an anode, a large amount of heat is generated at an 
electrode due to the voltage drop that occurs when the 

25 electrons flow in. By using the heat amount, which is 
generated when an electrode functions as the anode, 
as the heat amount necessary for thermionic emission 
when the electrode functions as the cathode, stable, 
sustained discharge can be realized without the supply 

30 of heat from heater 1 or with a lower supply of heat in 
comparison to DC operation during sustained discharge 
of the gas discharge tube. 

[0092] Alighting device suitable for deuterium gas dis- 
charge tube DT1 that uses indirectly heated cathode for 

35 gas discharge tube C1 shall now be described based on 
Fig. 13. Fig. 13 is a circuit diagram, showing a lighting 
device for deuterium gas discharge tube DT1 that uses 
indirectly heated cathode for gas discharge tube C1 . 
[0093] A lighting device 101 comprises a constant 

40 current power supply 1 03, connected as a power supply 
between indirectly heated cathode for gas discharge 
tube C1 and anode 74 of deuterium gas discharge tube 
DT1 , an auxiliary lighting circuit unit 111 , connected be- 
tween anode 74 and focusing electrode 76 in order to 

45 generate a trigger discharge across indirectly heated 
cathode for gas discharge tube C1 and focusing elec- 
trode 76, a make-and-break switching circuit unit 121 , 
connected between indirectly heated cathode for gas 
discharge tube C1 and anode 74 and supplying electric- 

50 ity to a heater 1 for a predetermined period and then 
cutting off the supply of electricity to heater 1 after the 
elapse of the predetermined period, and a fixed resistor 
131 for current detection, serially connected and in- 
stalled between anode 74 and constant current power 

55 supply 103. 

[0094] Constant current power supply 1 03 supplies a 
DC open voltage of approximately 160V and a steady- 
state current of approximately 300mA. Anegative resist- 
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ance 1 05 and a diode 1 07 for discharge stabilization are 
connected serially to this constant current power supply 
1 03. Negative resistance 1 05 is set to approximately 50 
to 150Q. 

[0095] Auxiliary lighting circuit unit 111 includes a 5 
fixed resistor 113, which is serially connected and in- 
stalled between anode 74 and focusing electrode 76, 
and a capacitor 115, which is connected in parallel to 
this fixed resistor 113. Make-and-break switching circuit 
unit 121 includes a glow tube 123. A switch, which is 10 
opened after operation (lighting) of deuterium gas dis- 
charge tube DT1 may be provided between auxiliary 
lighting circuit unit 111 and focusing electrode 76. Also, 
inplace of a glow starter system using glow tube 123, 
an electronic starting system using a semiconductor el- *5 
ement with a timer function or a mechanical (contact) 
switch, which may or may not have a timer function, may 
be used. 

[0096] The operation of lighting device 1 01 shall now 
be described based on Figs. 1 4A to 1 4F and 1 5A to 1 5E. 20 
[0097] Though not illustrated in Fig. 13, when a main 
power switch of lighting device 1 01 for deuterium gas 
discharge tube DT1 is switched ON (start), power is sup- 
plied from constant current power supply 103 to glow 
tube 123, glow discharge occurs at glow tube 123, and 25 
by mutual contact of the electrodes of glow tube 1 23, 
power is supplied to heater 1 of indirectly heated cath- 
ode for gas discharge tube C1 , and indirectly heated 
cathode for gas discharge tube C1 is thereby preheated 
(period A1 in Figs. 14A to 14F and 15A to 15E) . At this 30 
point, a voltage of approximately 130V is applied across 
indirectly heated cathode for gas discharge tube C1 and 
anode 74 from constant current power supply 1 03 and 
an electric f ield directed from anode 74 to indirectly heat- 
ed cathode for gas discharge tube C1 is generated. 35 
[0098] When these preparations for trigger discharge 
have been made, the glow discharge at glow tube 1 23 
stops and by the separation of the electrodes of glow 
tube 123, a potential of approximately 130V is generat- 
ed at focusing electrode 76 from constant current power *o 
supply 1 03 and via the parallel -connected capacitor 1 1 5 
and fixed resistor 113, and a trigger discharge is gener- 
ated across indirectlyheated cathode for gas discharge 
tube C1 and focusing electrode 76 (period A2 in Figs. 
14Ato 14Fand 15Ato 15E). *5 
[0099] By thus causing a trigger discharge to occur, 
an arc discharge is made to occur across indirectly heat- 
ed cathode for gas discharge tube C1 and anode 74, 
and based on the current of approximately 300mA that 
is supplied across indirectly heated cathode for gas dis- 50 
charge tube C1 and anode 74 from constant current 
power supply 103, arc discharge is sustained in a stable 
manner until the main power switch is turned OFF (pe- 
riod A3 in Figs. 14A to 14F and 15A to 15E) . During 
operation (lighting) of deuterium gas discharge tube 55 
DT1, the voltage applied to deuterium gas discharge 
tube DT1 from constant current power supply 103 is low- 
ered, by fixed resistor 1 31 , from the approximately 1 60 V 



in the starting process to approximately 120V. 
[0100] Since deuterium gas discharge tube DT1 using 
indirectly heated cathode for gas discharge tube C1 can 
be driven in accordance to the relationships expressed 
by the following equations (3) and (4); 

Ifo - 'P (3) 



V fl = 0 (4) 

[0101] In the above, l ro : initial supply current to the 
heater in the starting state 
Ip : discharge current 

V f 1 : voltage applied to the heater during operation 
[0102] With lighting device 101, a lighting device for 
lighting deuterium gas discharge tube DT1 using indi- 
rectly heated cathode for gas discharge tube C1 can be 
realized. Also, since a single constant current power 
supply 1 03 can be used for the preheating of indirectly 
heated cathode for gas discharge tube C1 , for the start- 
ing of the trigger discharge (discharge by initial gas ion- 
ization), and for the main discharge, a power supply for 
preheating (heater) of indirectly heated cathode for gas 
discharge tube C1 is made unnecessary in particular, 
thus enabling significant reduction of the number of 
parts and simplification of arrangement. 
[0103] Also, with lighting device 1 01 , since make-and- 
break switching circuit unit 121 includes a glow tube 
123, make-and-break switching circuit unit 121 can be 
realized simply and at low cost. Furthermore, since aux- 
iliary lighting circuit unit 111 includes fixed resistor 113 
and capacitor 115, auxiliary lighting circuit unit 111 can 
be realized simply and at low cost. 
[0104] Also, with lighting device 101 , since a fixed re- 
sistor 131 for current detection is provided, the voltage 
during operation of deuterium gas discharge tube DT1 
can be lowered and the consumption power of deuteri- 
um gas discharge tube DT1 can thus be lowered. 
[0105] Though in the present embodiment, a high- 
melting-point metal is used as the electrical conductor, 
a porous metal of low thickness, carbon fibers, etc. may 
be used in place of a high-melting-point metal. Also for 
improvement of the sputter resistance and improvement 
of the discharge performance of metal oxide 1 0, a nitride 
or carbide of tantalum, titanium, niobium, etc . may be 
attached to the surface of metal oxide 1 0 or to double 
coil 2 or 41 , single coil 45, plate member 3, mesh mem- 
ber 21 , or wire member 23. 

[0106] Also, though the surface part of double coil 2 
or 41 or single coil 45 is exposed in the present embod- 
iment, this does not have to be exposed necessarily, and 
as long as the surface part of double coil 2 or 41 or single 
coil 45 is in contact with metal oxide 1 0, the surface part 
of double coil 2 or 41 or single coil 45 may be covered 
with metal oxide 1 0. By exposing the surface part of dou- 
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ble coil 2 or 41 or single coil 45, the discharge property 
can be improved. 

Industrial Applicability 

[0107] This invention's indirectly heated electrode for 
gas discharge tube can be used as an indirectly heated 
electrode (indirectly heated cathode) of a rare gas lamp, 
rare gas fluorescent lamp, mercury lamp, mercury fluo- 
rescent lamp, deuterium lamp, etc 



Claims 

1. An indirectly heated electrode for gas discharge 
tube comprising: 

a coil member, wound in coil form; 
a heater, disposed at the inner side of said coil 
member and having an electrical insulating lay- 
er formed on a surface thereof; 
a metal oxide, serving as a material likely to 
emit electrons and held by said coil member; 
and 

an electrical conductor, having a predeter- 
mined length and disposed at the inner side of 
said coil member so as to be in contact with said 
coil member. 

2. The indirectly heated electrode for gas discharge 
tube as set forth in Claim 1 , wherein said electrical 
conductor is disposed so as to be in contact with 
said metal oxide and in contact with a plurality of 
coil parts of said coil member. 

3. The indirectly heated electrode for gas discharge 
tube as set forth in Claim 1 , wherein said electrical 
conductor is a high-melting-point metal formed to a 
mesh, a wire, or a plate. 

4. The indirectly heated electrode for gas discharge 
tube as set forth in Claim 1 , wherein said coil mem- 
ber is a multiple coil arranged by winding a coil hav- 
ing a mandrel in coil form. 

5. The indirectly heated electrode for gas discharge 
tube as set forth in Claim 1 , wherein said metal ox- 
ide is an oxide of a single metal among barium, 
strontium, and calcium or a mixture of oxides of 
these metals or contains an oxide of a rare earth 
metal. 

6. The indirectly heated electrode for gas discharge 
tube as set forth in Claim 1 , wherein saidmetal oxide 
contacts said heater via said electrical insulating 
layer. 

7. The indirectly heated electrode for gas discharge 



tube as set forth in Claim 1 , wherein said coil mem- 
ber contacts said heater via said electrical insulat- 
ing layer. 

5 8. An indirectly heated electrode for gas discharge 
tube comprising: 

a coil member, wound in coil form; 
a heater, disposed at the inner side of said coil 
10 member and having an electrical insulating lay- 

er formed on a surface thereof; 
a high-melting-point metal, formed to a mesh, 
a wire, or a plate and disposed along the length 
direction of said coil member at the inner side 
15 of said coil member; and 

a metal oxide, serving as a material likely to 
emit electrons and held by said coil member so 
as to be in contact with said high-melting-point 
metal; and 

20 

wherein said high-melting-point metal forms 
a plurality of contacts with said coil member and 
said coil member is grounded. 

25 9. An indirectly heated electrode for gas discharge 
tube comprising: 

a coil member, wound in coil form; 
a heater, disposed at the inner side of said coil 
30 member and having an electrical insulating lay- 

er formed on a surface thereof; 
a high-melting-point metal, formed to a mesh, 
a wire, or a plate and disposed along the length 
direction of said coil member at the inner side 
35 of said coil member; and 

a metal oxide, serving as a material likely to 
emit electrons and held by said coil member so 
as to be in contact with said high-melting-point 
metal; and 

40 

wherein said high-melting-point metal forms 
a plurality of contacts with said coil member and 
said high-melting-point metal is grounded. 

45 10. An indirectly heated electrode for gas discharge 
tube comprising: 

a coil member, having a mandrel and wound in 
coil form; 

50 a heater, disposed at the inner side of said coil 

member and having an electrical insulating lay- 
er formed on a surface thereof; 
a high-melting-point metal, formed to a mesh, 
a wire, or a plate and disposed along the length 
55 direction of said coil member between said coil 

member and said heater; and 
a metal oxide, serving as a material likely to 
emit electrons and disposed so as to be in con- 
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tact with said coil member; and 

wherein said high-melting-point metal is in 
electrical contact with said coil member at a plurality 
of locations and said coil member is grounded. $ 

11. An indirectly heated electrode for gas discharge 
tube comprising: 



er formed on a surface thereof; 
a high-melting-point metal, formed to a mesh, 
a wire, or a plate and disposed along the length 
direction of said coil member between said coil 
member and said heater; and 
a metal oxide, serving as a material likely to 
emit electrons and disposed so as to be in con- 
tact with said coil member; and 



a coil member, having a mandrel and wound in 10 
coil form; 

a heater, disposed at the inner side of said coil 
member and having an electrical insulating lay- 
er formed on a surface thereof; 
a high-melting-point metal, formed to a mesh, *5 
a wire, or a plate and disposed along the length 
direction of said coil member between said coil 
member and said heater or at the outer side of 
said coil member; and 

a metal oxide, serving as a material likely to 20 
emit electrons and disposed so as to be in con- 
tact with said coil member; and 



wherein said high-melting-point metal is in 
electrical contact with said coil member at a plurality 
of locations and said high-melting-point metal is 
grounded. 



wherein said high-melting-point metal is in 
electrical contact with said coil member at a plurality 25 
of locations and said high-melting-point metal is 
grounded. 

12. The indirectly heated electrode for gas discharge 
tube as set forth in any of Claims 8 through 11, 30 
wherein said coil member is a multiple coil formed 

by winding a coil in coil form. 

13. An indirectly heated electrode for gas discharge 
tube comprising: 35 



a coil member, wound in single coil form; 
a heater, disposed at the inner side of said coil 
member and having an electrical insulating lay- 
er formed on a surface thereof; 40 
a high-melting-point metal, formed to a mesh, 
a wire, or a plate and disposed along the length 
direction of said coil member between said coil 
member and said heater; and 
a metal oxide, serving as a material likely to 
emit electrons and disposed so as to be in con- 
tact with said coil member; and 



wherein said high-melting-point metal is in 
electrical contact with said coil member at a plurality so 
of locations and said coil member is grounded. 



14. An indirectly heated electrode for gas discharge 
tube comprising: 

a coil member, wound in single coil form; 

a heater, disposed at the inner side of said coil 

member and having an electrical Insulating lay- 
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